Abstract: Soil erosion and contamination are two main desertification indices or land degradation agents in agricultural areas. Global climate change consequence is a priority to predict global environmental change impacts on these degradation risks. This agro-ecological approach can be especially useful when formulating soil specific agricultural practices based on the spatial variability of soils and related resources to reverse environmental degradation. Raizal and Pantanal models within the new MicroLEIS framework, the Ero&Con package, are database/expert system evaluation approach for assessing limitations to land use, or vulnerability of the land to specified agricultural degradation risks. This study was performed in Souma area with approximately 4100 ha extension in the North-West of Iran (west Azarbaijan). Based on 35 sampling soils, Typic Xerofluvents, Typic Calcixerepts, Fluventic Haploxerepts and Fluventic Endaquepts were classified as main subgroups. Climatological data, referred to temperature and precipitation of more than 36 consecutive years were collected from Urmieh station reports and stored in monthly Climate Database CDBm, as a major component of MicroLEIS DSS (CDBm) program. Climate data for a hypothetical future scenario were collected from the Intergovernmental Panel on Climate Change (IPCC) reports for the 2080s period. The evaluation approach predicts that attainable water erosion vulnerability classes were none (V1) very low (V2) and moderately low (V4) in the total of 72%, 13% and 15% of the Souma area, respectively and they will not affected by climate change. On contrary, attainable wind erosion vulnerability classes will increase. Also, phosphorous and heavy metal contamination vulnerability risks will not differ in two compared scenarios while nitrogen and pesticides vulnerability classes will be improved.
Introduction
The term desertification is presently used to cover land degradation processes in arid, semi-arid and sub-humid areas resulting fromclimate variations and human activities (Rubio 1995) . These processes are degradation of the vegetative cover, biological degradation, physical soil degradation, water and wind erosion, salinization and contamination (FAO 1984) . With special reference to the semi-arid regions, soil erosion and contamination, as problems related to water quantity and quality respectively, are the most important soil desertification processes. Soil erosion is defined as detachment and transport of soil particles by a moving fluid: water or air (Poesen 1995) . Sustainability modelling analysis for soil erosion must include not only vulnerability prediction but also address impact and response assessment, in an integrated way. The overall approach of ImpelERO had been applied in 20 selected benchmark sites from Western Europe to quantify the soil erosion vulnerability with several crops (De la Rosa et al. 2000) . Soil contamination is considered as diffuse soil pollution by agricultural substances passing over or through the soil, and hence contamination waters. Excess of mineral nutrients and organic pesticides seem to be the most significant potential contaminants. Land vulnerability or land degradation risks refer to the susceptibility of land to degradation in one or more of its ecological functions, within the constraints of its bio-physical characteristics (De la Rosa et al. 1996) . In a dry land olive crop farm, several representative soil types (Typic Haploxerepts, Typic Calcixerepts, and Aquic Haploxerepts) and two different agricultural management: (i) a traditional mouldboard ploughing and secondary tillage and (ii) a reduced tillage with a growing protection crop, were compared. According to experimental results in Typic Haploxerepts soils, the protection management system in lowering soil erosion was effective than the traditional one (De la Rosa et al. 2005) . The fundamental purpose of land evaluation e.g. attainable land vulnerability is to predict the positive or negative consequences of changes, for example, by long-term changes in climatic conditions or/and agricultural system (De la Rosa et al. 1996) . As monsoons are the dominant phenomena over majority parts of Asia, the influencing factors of monsoonal flow and precipitation is climate change in this region. Precipitation is affected by the strength of the monsoonal flows and the amount of wa-556 F. Shahbazi et al. ter vapour transported (Knutson & Tuleya 2004) . All of Asia is very likely to warm up during this century; the warming will probably be well above the global mean in west Asia (Christensen & Hewitson 2007) . Climate changes in the semi-arid regions appear with an important impact on bioclimatic deficiency evaluation and general land capability classes (Shahbazi et al. 2008 ). This paper reports attempt is to predict land degradation risks, along their response to climate change, using Raizal and Pantanal models within the MicroLEIS DSS program.
Material and methods

Site, soil and climate information
This study was performed in the Souma area with different kinds of physiographical units of plain, alluvial plain, plateau and hill side in West Azarbaijan province of Iran. The area has extended with about 4100 ha, between 44
• 35 to 44
• 40 east longitude and 37
• 50 to 37
• 55 north latitude, and contain < 2% to 10% slopes with 1200m to 1400m above sea level elevation. The main soil variables in Souma area are summarised in Table 1. These soil morphological and analytical data were obtained from 35 sampling points and the data of nine benchmark soils were applied according to Raizal and Pantanal models requirements. These soil attributes are input variables for applying the MicroLEIS models which have been extracted by SDBm plus program constituent of MicroLEIS DSS which is a geo-referenced soil attribute database for storage of an exceptionally large number of morphological, physical, and chemical soil data (De la Rosa et al. 2002) .
Climate observation at a particular climatological station is the essence of the Monthly Climate Database, CDBm, as a major component of MicroLEIS DSS (De la Rosa et al., 2004) . Climate data such as annual mean average, maximum and minimum temperatures and total annual precipitation for 36 consecutive years ) based on Urmieh climatological station report is 11
• C and 336mm, respectively. Data were integrated in the CDBm database (De la Rosa et al. 1986 ) to calculate the potential evapotranspiration using the method of Thorenthwaite (1948) which show 640mm. In order to apply the land evaluation approach, two hypothetical climate change scenarios were constructed: i) climate data observation over 36 years ; ii) data based on projected changes in surface air temperature and precipitation for west Asia under the highest future emission trajectory (A1FI) for the 2080s (IPCC 2007) . In the hypothetical future scenario at the study area following the IPCC report, the mean temperature will increase 5.1, 5.6, 6.3 and 5.7
• C in winter, spring, summer and autumn, respectively. Also, total precipitation will decrease 11 and 25 percent in winter and spring, while it will increase 32 and 52 percent in summer and autumn.
Graphical representation of the summaries for Souma area used by Urmieh synoptic station data and applying the CDBm program comparing for hypothetical current and future scenarios is shown in Fig. 1 .
MicroLEIS DSS
The soil erosion vulnerability classes established by Raizal for the attainable and actual water and wind vulnerability risks are defined as classes V1 to V10 (De la Rosa et al. 1993) . Class V1 (None), these field units are not vulnerable to water or wind erosion. For these fields, management erosivity is not considered to be a controlling factor and almost any farming system can be implemented. Class number increasing will be equal with high degradation risk while class V10 presents an extremely high vulnerability to water or wind erosion. Such fields will not be useful for crops in this condition. Reclamation for crop production or for improved pasture is very difficult but will be practical if the other characteristics of the soil are favourable and erosion is controlled by soil conservation techniques, for example by construction of terraces (De la Rosa et al. 2005 ). With attention to water and wind erosion meaning, and attempts have been made for modelling the equation based on classical mechanistic physics, and on a statistical or stochastic framework. Water and wind vulnerability are divided into three sections: attainable, management and actual. The actual vulnerability classes can be achieved by sum of attainable and management impacts while attainable vulnerability risk was only discussed in this research work (De la Rosa et al. 1993 ).
Land vulnerability classes correspond to the potential or minimum contamination risk, considering no influence of agriculture practices. Four agro-contaminant types of i) phosphorus (P), ii) nitrogen (N), iii) heavy metals (H), iv) pesticides (X) were considered (De la Rosa et al. 2004) . Phosphates are basically transported by runoff and constitute a possible source of eutriphication of waters. The amount of phosphate adsorbed by soil depends greatly on pH, particle size distribution, and organic matter. Nitrate is the major nitrogen-derived pollutant and, because of its high mobility, the main source of groundwater contamination. As well as land qualities associated with rainfall partitioning, this contamination risk is also predicted by cation adsorption and de-nitrification. Risk of copper, zinc and cadmium retention by soils is assessed from pH. In addition, particle size distribution, CEC and organic matter content are included in the decision tree as diagnostic criteria. In relation to pesticide both hydrophilic and hydrophobic behaviour in soil, two major processes, sorption and degradation, are considered. Organic matter content strongly affects adsorption and bio-degradation of many pesticides, although other soil properties such as particle size distribution and CEC are also considered to be decision factors. The created Raizal and Pantanal models were used for identification of vulnerability areas with soil erosion problems and rationalization of specific soil input application: N and P fertilizers, urban wastes, and pesticides, respectively. These models were initially formulated and calibrated by using expert knowledge (experience) of specialists and land users, and collected literature (knowledge). Then the models were Rosa et al. 1996) . Finally, because of soil data input similarity for Souma area and originated one, it can be applied and taken by the results to predict the vulnerability rate both in hypothetical current and future scenarios. Therefore, validation analysis test was not importantly necessary for applying the models in this semi-arid area. However, decreasing the agricultural lands during the last 30 years is the most important reason for validation accuracy of used models in the studied area.
Results and discussions
According to Raizal model results (Table 2) , for rainfall erosion, 72% of Souma lands are at none level of risk (ClassV1), and a further 28% at a very low and medium levels. The medium risk area is more scattered in the north of study area which has established on plateau unit and characterised by a medium soil texture. In the simulated hypothetical scenario by long-term these results will be constant. Also, the study area is susceptible for wind vulnerability erosion and will increase in the future by climate change. The highest risk areas (V10) are located at the north-west and south-east of area and refer to shallow Entisols. Soils No 2 and 6 area (see Table 1 ), will be altering from very high to extreme vulnerable land by climate change. Besides 10% extreme vulnerable land, 70% of the total area will be susceptible to vulnerability risks. A point-to-point application of Pantanal model results were summarized in Table 3 . According to obtained results, 10% of Souma area is at a high risk (Class V4) by phosphate while more than 45% is at a low level risk, and also 45% of the area presents no risk (ClassV1) of contamination. Reaction from local staff to the quality of the evaluation results for the current situation in Souma area was positive, although additional work on sensitivity and validation testing are needed in order to improve the prediction capacity of the risk evaluation approach.
GIS spatialization
Using geo-statistical techniques and geographical information systems (GIS) leads to the rapid generation of thematic maps and areas estimates, and enables many of the analytical operations to be carried out in a spatial format, by combining different sets of information in various ways to produce overlays and interpreted maps (Fig. 2) .
This investigation revealed that land evaluation is a useful way to develop the capability to predict land degradation risks, or vulnerability, caused by interactive changes in land use and climate. Further more, MicroLEIS DSS as a useful toll to predict land vulnerability in this semi-arid area.
